Abstract. The analyses of high resolution infrared spectra have been done for CN lines in oxygen-rich cool evolved stars including 2 K giants, 20 M giants and 1 S-type star. Since CN lines analyzed in the present work are weak and resolved well, they are appropriate for quantitative analyses. CN lines of ∆v = −2 and −1 sequences (red system) which are in the K-and the H-window regions, respectively, give the consistent nitrogen abundance for each star. The analyses of NH lines in the Lwindow region have been done for 5 late M giants for which CN lines have been also analyzed. Although the triplet structure of NH lines cannot be fully resolved, they are preferable because determination of nitrogen abundance is almost independent of other elemental abundances while nitrogen abundance based on CN depends on carbon abundance. The nitrogen abundances derived from NH for late M giants agree well with those from CN for which we adopt 7.75 eV as the dissociation energy in the analysis.
Introduction
Studies of the chemical composition of cool stars on red giant branch (RGB) and on asymptotic giant branch (AGB) which are in evolved states of low-mass and intermediate-mass stars have basic importance to clarify stellar evolution as well as chemical evolution of the Galaxy. As is well known the abundances of carbon, nitrogen, oxygen and their isotopes in cool giants suffer large changes through their evolutions and these stars probably have been contributing to the enrichments of these elements in the Galaxy. Especially the origins of carbon and nitrogen in the Galactic chemical evolution have not yet been clarified well compared with that of oxygen which is explained well by the nucleosynthesis in the type II supernova events.
On the other hand the evolution and nucleosynthesis of lowmass and intermediate-mass stars have not been well understood yet. The carbon, nitrogen and oxygen abundances of RGB stars can be explained by the theory of the first dredge-up (Lambert & Ries 1981) . However the interpretation of the carbon isotope ratio in red giants has been controversial for a long time and recently an explanation was proposed by Charbonnel (1995) (see Sect. 6.2) . Further the evolution along AGB, through which low-mass and intermediate-mass stars will evolve to planetary nebulae, is more complicated. The most basic process which changes the surface chemical composition in AGB stars is the third dredge-up which follows thermal pulse (Iben & Renzini 1983) . By this process 12 C and s-process elements are supplied to the surface of the star, and carbon stars and S-type stars may form (e.g. Smith & Lambert 1990 ). In addition the nucleosynthesis at the bottom of the convective envelope (hot bottom burning, hereafter HBB) may also influence the surface chemical composition in relatively high mass AGB stars. The most direct evidence of HBB is the existence of Li-rich S-type stars in the Magellanic clouds (Smith et al. 1995) , which is supported theoretically by Sackmann & Boothroyd (1992) .
The carbon, nitrogen and oxygen abundances and their isotopic ratios in red giants had been measured by Smith & Lambert (1985 . Also the determination of these abundances has been tried for red giants in some globular clusters (e.g. Bri- ley et al. 1997) . Now the abundance analysis should be done systematically from K to late M giants for the purpose of understanding the late stage of stellar evolution as well as the contribution to the chemical evolution of the Galaxy. The carbon abundance in M giants have been derived by the analyses of high resolution infrared spectra of CO lines by Tsuji (1991) and it was shown that the mean carbon abundance in late M giants are smaller by 0.3 dex than that in early M giants. This result suggests that further processing such as the CNO cycle should occur in late M giants and analyses of carbon, nitrogen and oxygen abundances in normal M giants would be required as well as those in S-type and carbon stars. The high resolution spectra of CN and NH lines for M giants for which the carbon abundances have been derived by Tsuji (1991) are analyzed. The properties of these lines and the nitrogen abundance derived from those molecular lines are discussed in this paper.
Observations and mesurements
Observations of high resolution infrared spectra have been done by the Fourier transform spectrometer (FTS) of 4m telescope at Kitt Peak National Observatory (Hall et al. 1979 ). Spectra of oxygen-rich giants (including 5 M giants and 1 S-type star) in the H-window region and of 2 M giants in the K-window region were obtained on April 1982. Spectra in the H-and the K-window regions for 17 M and 2 K giants are also available from the archives. Further, spectra of 5 M giants in the L-window region were obtained on July and October 1987. The S/N ratio given in Table 1 is based on the peak signal level of the sum spectrum of two scans (forward and backward) and the root mean square of the difference spectrum. Examples of the spectra in the K-and the L-window regions are shown in Figs. 1 and 2, respectively, and details of these observations are summarized in Table 1 . Thus we analyzed 2 K giants, 20 M giants and 1 S-type star in this work. Data reduction has been done by the same way as in Tsuji (1986a) . We have used Norton & Beer's apodization function No.2 (Norton & Beer 1976) for which the full width at the half maximum (FWHM) of the instrumental line shape is given by FWHM = 0.8447/L (L is the maximum path difference of the interferometer) which is given in Table 1 . We identified atmospheric absorption lines in the spectra by the use of the spectra of hot stars (Sun, Sirius, etc.) , and used the lines that are little disturbed by atmospheric lines in our analyses.
For the purpose of determining nitrogen abundance we analyzed CN lines in the H-and/or the K-window regions for all stars. In addition, we analyzed NH lines in the L-window region for 5 stars which have spectral types later than M5, because the nitrogen abundance derived from CN lines depends directly on carbon abundance adopted in the analyses. All of our analyses were based on equivalent widths of these molecular lines. For determining the continuum level, the peak point of each 1024 data which are corresponding to 5-10 cm −1 is plotted against wavenumber and smooth curve is fitted to the higher points of these peaks. The equivalent widths of CN lines were measured by fitting Gaussian profile to each selected line. As the lines selected were fitted well by the Gaussian in the present work and line wings are generally not well defined in the spectra of cool stars, no improvement can be expected by the measurement with other methods (e.g. direct numerical integration of the line profile). In the case of NH lines, however, triplet structure of NH lines cannot be fully resolved into individual component though the spectral resolution is as high as R = 10 5 . Therefore we measured equivalent widths for two or three components of the triplet structure together by the direct numerical integration of the profile. The equivalent widths measured are given in Table 10 1 . Due to the high resolving power we can determine the intrinsic line width of CN. We measured the FWHMs of CN lines 1 G2/3000/0.0/3.0 RX Boo 3000:
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(1) Frisk et al. (1982) observed and plotted them against their depths after correcting for instrumental effect (Fig. 3) . Note that the FWHM is transformed to the Gaussian dispersion in velocity unit (km/s). Then we determined the optically thin limit of the line width by extrapolating the plots to zero central depth. This optically thin limit can be interpreted as the intrinsic line width, which are summarized in Table 3 (5th column). These intrinsic line widths are used to constrain the micro-turbulent velocities (Sect. 4).
Input data
Generally there are four parameters, i.e. effective temperature (T eff ), surface gravity (g), chemical composition and microturbulent velocity (ξ micro ), in the analysis of equivalent widths of absorption lines. Chemical composition (i.e. nitrogen abundance in this work) and ξ micro were determined from the analyses of absorption lines of CN and NH lines while T eff and log g were estimated in advance by photometric data, stellar angular diameter and so on. We adopted the same values of T eff and log g of program stars as those in Tsuji (1986a Tsuji ( , 1991 . T eff were determined by the use of the infrared flux method (IRFM, Blackwell et al. 1980) and/or from the stellar angular diameter (e.g. Ridgeway et al. 1982) . The uncertainties of T eff which should be considered in the analysis are about 100K for most of the program stars and larger than 100K for some later type stars (RX Boo and EP Aqr). Surface gravities are derived by the assumption of M = 3M which is a medium value of the possible mass range of evolved red giant stars (1 ∼ 10M ). Therefore the effect due to uncertainty of ∆logg = ±0.5 is examined later.
In the analysis we applied an extended version of the model atmospheres of series G2 (Tsuji 1978 ) which roughly represent a sequence of 3M stars. These models are calculated for the solar chemical composition and ξ micro = 3 km/s. For the K giant star α Boo, a model atmosphere of T eff = 4375 K by Frisk et al. (1982) was applied.
Molecular data
For the calculation of the line list of CN red system (A 2 Π−X 2 Σ, ∆v = −1 and −2 sequences), we employed spectroscopic constants by Cerny et al. (1978) to calculate line positions, and Einstein's A coefficients by Bauschlicher et al. (1988) . The determination of CN dissociation energy (D 0 0 (CN)) has been a subject of controversy. Recently the values around 7.75 eV have been derived by many experiments, while smaller values (about 7.65 eV) have been derived by some theoretical works (see Lambert 1994 , Costes & Naulin 1994 . Sneden & Lambert (1982) derived smaller oscillator strengths of the CN red system than those by Bauschlicher et al. (1988) assuming D 0 0 (CN)=7.65 eV, but the solar abundances of carbon and nitrogen adopted in their analyses were somewhat larger than the solar abundances determined by recent analysis (e.g. Grevesse et al. 1996) . If these new abundances are adopted, the dissociation energy and/or the oscillator strength should be larger. In fact, a recent study of dissociation energy of CN from solar spectra by Sauval et al. (1994) , who assumed larger oscillator strength than those by Bauschlicher et al. (1988) , derived a larger dissociation energy (∼ 7.85 eV). We adopted D 0 0 (CN) = 7.75 eV as the CN dissociation energy in the present analysis.
For the line list of NH, we employed the line position by Boudjaadar et al. (1986) and the dipole moment of vibrationalrotational transition derived by Grevesse et al. (1990) . We adopted D 0 0 = 3.37 eV as the dissociation energy of NH (Bauschlicher & Langhoff 1987) .
Analysis of CN lines

Standard analysis
After a model atmosphere is specified by the effective temperature and surface gravity, chemical composition (i.e. nitrogen abundance in this work) and micro-turbulent velocity are determined by the analysis of spectral lines of CN molecule. If we assumed that micro-turbulent velocity is isotropic, Gaussian and depth-independent, the micro-turbulent velocity is determined so that nitrogen abundances from all the measured lines are consistent. We assumed the chemical composition except carbon and nitrogen to be solar and adopted the carbon abundance derived by Tsuji (1991) from weak lines of the CO second overtone bands.
Some examples of our analyses are shown in Fig. 4 . We first assumed nitrogen abundance and micro-turbulent velocity, which specify equivalent width expected from the model atmosphere for each CN line. Next we searched for the corrections of line strengths of CN, Y 's (see next paragraph), by which observed, equivalent width can be accounted for, and plotted them against X = log (W/ω) obs + 6.0. In Fig. 4 the open and filled circles indicate the results based on the lines analyzed in the H-and the K-window regions, respectively, and the solid lines indicate the function Y = a + bX 2 fitted to the circles. Then we can interpret the coefficient a to be the correction of line strength when we determine the micro-turbulent velocity so that the coefficient b becomes equal to zero.
The correction of line strength would be identical with the abundance correction of nitrogen, if the line strength of CN were proportional to the nitrogen abundance. However, in cool stars as M giants a great part of nitrogen atoms is bounded in N 2 molecules and then the correction of line strength of CN is not identical with the abundance correction of nitrogen. Indeed we found in the analysis that the relation between the correction of a line strength (Y ) and the abundance correction of nitrogen in logarithmic scale (∆log A N ) is Y ∼ 0.8 ∆log A N in our program stars. Therefore we iterated this analysis until the correction of line strength to be small enough. In Fig. 4 we show the examples in which the correction of line strength becomes small after two or three iterations. Results are summarized in Table 3 (6th and 7th columns for nitrogen abundance and micro-turbulent velocity, respectively), where the abundances (log A N 's) are given on the scale of log A H =12.0.
As shown in Fig. 4 most of the lines analyzed are so weak that the dependence of equivalent widths on micro-turbulent velocities is small. This is a great advantage in determining abundance. On the other hand micro-turbulent velocities are not determined accurately. In fact we cannot derive reasonable values of micro-turbulent velocity for 8 stars. The derived microturbulent velocity of ν Vir is smaller than 1 km/s. For this star we assumed ξ micro = 2 km/s which is the typical value of red giants. The variations of the nitrogen abundance by the uncertainty of micro-turbulent velocity of ±1 km/s are about 0.07 dex. On the other hand the micro-turbulent velocities of other 7 stars determined by the above method are very large (e.g. larger than 6 km/s). However the micro-turbulent velocity must be of course smaller than the velocity which is derived from the intrinsic line width in Sect. 2. Therefore we assumed the micro-turbulent velocities for these stars to be the velocities of the intrinsic line widths and determined the nitrogen abundances as the average of the abundance derived from all the lines. In order to estimate the uncertainty by this assumption, we also derive nitrogen abundances when we adopted the micro-turbulent velocities to be the same as that of CO absorption lines (the first overtone) determined by Tsuji (1986a) and compared them with the above results. The differences in the abundances are smaller than about 0.1 dex except for RX Boo and EP Aqr which show somewhat larger discrepancies of 0.25 dex and 0.4 dex, respectively.
Confirmation by empirical analysis
Since most of CN lines are weak and then not affected by saturation, it is possible to estimate nitrogen abundance by the use of the linear part of the curve-of-growth. We plotted observed equivalent widths against the predicted line strength (log Γ+log gf ) calculated by the weighting function method (Cayrel & Jugaku 1963 , and also the Appendix in Tsuji 1991). For weak lines the calculated line strength is equal to observed equivalent width when chemical composition of the star is assumed correctly. Some examples are shown in Fig. 5 . The open and filled circles indicate the results based on the lines observed in the H-window region and those in the K-window region, respectively, as in Fig. 4 . We find that most of the lines in the H-window region are somewhat saturated in all stars except for α Boo while some of lines in the K-window region are in the linear part. Therefore it is somewhat difficult to determine the nitrogen abundance accurately by this method for the stars which were observed only in the H-window region (α Vul, BS1105, R Lyr and EP Aqr). The nitrogen abundances derived by this method are also shown in Table 3 (8th column). Generally speaking the agreement between the results by this method and those by the standard analysis is good except for EP Aqr which was observed only in the H-window region.
Uncertainties
We have already estimated the uncertainty of nitrogen abundance by the uncertainty of the micro-turbulent velocity in Sect. 4.1. In this section we estimate the uncertainties by other factors. The internal errors, which were estimated from the probable errors of the nitrogen abundances determined for all lines, are shown in Table 3 with the results of nitrogen abundances (6th column). These errors are larger in the stars for which we could not determine the micro-turbulent velocity and used assumed values (see Sect. 4.1). Two different spectra are available for the same object (δ Vir and α Her) and we compared the equivalent widths of common lines as well as the nitrogen abundance derived independently from each spectrum ( Table 4 ). The agreement of nitrogen abundance derived from the two spectra of δ Vir is good. On the other hand the discrepancy of nitrogen abundance derived from the two spectra of α Her is somewhat large (0.20 dex). However this discrepancy can be explained by the fact that we can use only 7 lines for one of the spectra of this star.
In the analysis of CO lines in Tsuji (1986a Tsuji ( , 1991 it was shown that there is a difference between the carbon abundance as well as the micro-turbulent velocity derived by the first overtone of CO in the K-window region and those by the second overtone in the H-window region. Therefore we compared the nitrogen abundance derived by the analysis in the K-window region (lines of ∆v = −2) with those by the analysis in both the H-and the K-window regions (including both ∆v = −1 and −2 lines) for 19 stars which have been observed in both window regions. The differences of nitrogen abundance are about 0.1 dex or smaller and we conclude that the results by both analyses agree well. The reason of the discrepancy between the carbon abundances derived from the first and second overtone of CO noted in Tsuji (1991) has not been clear yet, but our results of the nitrogen abundance will be free from this kind of ambiguity.
One of the large difficulties in determination of the nitrogen abundance from CN lines is that the results are directly influenced by the uncertainty of the carbon abundance adopted in the analysis. The uncertainty of the carbon abundance derived by Tsuji (1991) is about 0.2 dex which is mainly related to the uncertainty of model parameters, especially of surface gravity. We estimated the influences by changing the carbon abundance 
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(1) Derived from weak lines of CO second overtone (Tsuji 1991) . assumed and show them in Table 5 . The uncertainty of the nitrogen abundance (about 0.25 dex or somewhat larger) is larger than that of carbon abundance assumed (0.2 dex). One of the reasons is that a great part of nitrogen atoms is bounded in N 2 molecules while most of carbon atoms are bounded in CO molecules in cool stars as M-giants, and the variation of CN line strength is not so sensitive to the change of the nitrogen abundance as to that of the carbon abundance. The uncertainties of the nitrogen abundances by uncertainties of physical parameters assumed are also estimated by varying effective temperature or surface gravity. The uncertainty of effective temperature is about 100K or larger and that of surface gravity is about a factor of 3 as noted in Sect. 3.1. To estimate the effects of these uncertainties, we have done the standard analyses again for τ 4 Eri and 30g Her by varying effective temperature by ∆T eff = 100K or surface gravity by ∆log g = 0.5 dex. The results are summarized in Table 6 (3rd and 5th column for τ 4 Eri and 30g Her, respectively). By this estimation the effect of the uncertainty of surface gravity is larger than that of effective temperature. However we must consider again the influence of the variation of the carbon abundance which is caused by the variation of physical parameters. The variation of the carbon abundances due to the variations of parameters are summarized in Tsuji (1991) as follows; ∆A C = ±0.06 dex for ∆T eff = ±100 K and ∆A C = ±0.20 dex for ∆log g =±0.5 dex. We investigated again the effects of variation of parameters considering these variation of the carbon abundance and obtained the results as shown in Table 6 (4th and 6th column for τ 4 Eri and 30g Her, respectively). We find that the uncertainties of the nitrogen abundance by surface gravity is canceled out to some extent, while the uncertainty by effective temperature is enlarged.
The other large difficulty in the analysis of CN lines is the uncertainty of the dissociation energy of CN molecule which may produce systematic error in the nitrogen abundance. The effects of this uncertainty on the nitrogen abundance is estimated to be ∆ log A N ∼ −0.15 for ∆D 0 0 (CN) = + 0.10 eV. The difference of this effect by stellar temperature is not large.
Analysis of NH lines
Standard analysis and uncertainties
The analysis of NH lines was done in the same way as that of CN lines. In this case the calculated equivalent widths were obtained by the direct integration of synthetic spectrum for two or three components of the triplet structure as the measurement of observed equivalent widths (see Sect. 2).
Examples of the analyses are shown in Fig. 6 . The definitions of axes and solid lines in this figure are the same as in Fig. 4 . The dashed lines indicate the average of corrections of line strengths. Because most of the values of equivalent widths shown in Fig. 6 are those of three components, the equivalent width corresponding to single component is about one third of that in Fig. 6 . Therefore the saturation effect will be very small in this case and the uncertainty of the nitrogen abundance caused by micro-turbulent velocity is negligible compared with the internal error.
The correction of line strength of NH in this analysis is proportional to the square root of the correction of the nitrogen abundance, i.e. Y ∼ 1 2 ∆logA N . This fact means that most of nitrogen atoms are bounded in N 2 molecules in the layers of atmosphere where NH lines form. We iterated this analysis until the abundance correction becomes sufficiently small as the analysis of CN lines.
The results of this analysis and internal errors are shown in Table 7 . The internal errors are between 0.15 and 0.25 dex, which are larger than those in the analysis of CN lines. The reasons of these large internal errors are not only the difficulty in the measurement of equivalent widths of NH lines but also the sensitivity of the nitrogen abundance to the NH line strength.
In the analysis of NH lines the effect of uncertainty of the carbon abundance adopted is negligible. The effects of uncertainties of physical parameters (effective temperature and surface gravity) for α Her are estimated as shown in Table 8 . These uncertainties are smaller than the internal error in this case.
Comparison with the results based on CN
By the above analyses we can derive the nitrogen abundances from both CN and NH lines independently for 5 stars. These results are compared in Fig. 7 . We find that the nitrogen abundances by the analyses of NH lines agree well with those by CN lines except for RX Boo, for which the nitrogen abundance derived from CN lines is larger by 0.37 dex than that from NH line. However there is a difficulty in the analysis of this star related to the uncertainty of micro-turbulent velocity as noted in Sect. 4.1. The physical parameters of this star are more uncertain than those of other stars as noted in Sect. 3, though recent determination of T eff from angular diameter (2943K by Dyck et al. 1996) supported the T eff adopted in this work (3000K). Further RX Boo is known to be semiregular variable and this fact may produce some other uncertainty in abundance analysis. Excluding RX Boo by the reasons mentioned above, we find that the mean of the nitrogen abundances determined by CN lines is larger by about 0.08 dex than that by NH lines for other 4 stars. This discrepancy is within the errors estimated in the above sections and then we conclude that the agreement between the analyses of CN and of NH is fine. We should note, however, that the dissociation energy of CN molecule affect this comparison. If we adopt the lower value of the dissociation energy of CN, the discrepancy between the nitrogen abundacnes from CN and NH becomes larger; e.g. the discrepancy is 0.23 dex if D 0 0 =7.65 eV is adopted. 
Discussion
Comparison with other authors
In Table 9 we compare our results on the nitrogen abundance as well as the carbon abundance with those in Smith & Lambert (1990) who analysed 8 stars in common with us. In Smith & Lambert (1990) Tsuji (1991) . The open and filled circles indicate early M giants (including two K giants, α Boo and α Tau) and late M giants, respectively, which are analyzed in the present work. The uncertainties in the worst case of nitrogen and carbon abundances estimated in Sect. 4 and in Tsuji (1991) , respectively, are shown by error bars. Crosses mean the abundances of G and K giants determined by Lambert & Reis (1981) . Solar abundance is also plotted. The arrow indicates the variation in the carbon and nitrogen abundances through the first dredge-up expected for a star with the solar abundance.
that in our analyses. Therefore we also show in Table 9 the nitrogen abundance derived from CN lines when we assume D 0 0 (CN) = 7.65 eV, and compare them with the results of Smith & Lambert (1990) .
Our result of the nitrogen abundance of K giant α Tau agrees very well with that of Smith & Lambert (1990) as well as the carbon abundance. For this star we analyzed the equivalent widths of CN lines listed in Smith & Lambert (1985 , the results of the paper have been compiled in their 1990 paper) by the same method of the present analysis and obtained the consistent result with that of Smith & Lambert. On the other hand, for 30g Her, the nitrogen abundance by the present analysis is higher than that in Smith & Lambert (1990) by 0.11 dex while the carbon abundance adopted in the present analysis is lower by 0.26 dex than that in Smith & Lambert (1990) . For this star we also analyzed the equivalent widths of CN lines listed in Smith & Lambert (1985) and obtained A N = 8.50, which is consistent with our result. Therefore we conclude that the difference of the resulted nitrogen abundances is not caused by the measurement or selection of CN lines.
It is not simple to compare the carbon and nitrogen abundances simultaneously, but we find that the present results of carbon and nitrogen abundances are consistent with Smith & Lambert (1990) for 5 earlier type stars, while the carbon abundances are lower and the nitrogen abundances are higher in the present results than those in Smith & Lambert (1990) for other 3 later type stars. 
Carbon and nitrogen abundance in M giants
By the present analyses and Tsuji (1991) we can discuss the carbon and nitrogen abundance in 23 oxygen-rich cool giants. The results are plotted in Fig. 8 where horizontal and vertical axes indicate the carbon and nitrogen abundances, respectively. The open and filled circles indicate the stars earlier than M3.5 and later than M4, respectively. The solar abundances (log A C = 8.55 and log A N = 7.97 by Grevesse et al. 1996) are shown by the symbol . It should be noted that the uncertainties of the nitrogen abundance of RX Boo and EP Aqr are larger than those of other stars (Sect. 4). We find that both carbon and nitrogen abundances are small in the K giant, α Boo, which is known to be metal poor. On the other hand S-type star BS1105 is located in the region with high abundances of both carbon and nitrogen. This is consistent with the trend of abundances in typical S-type stars (Smith & Lambert 1990 ). We exclude these four stars from the following discussion.
The arrow in Fig. 8 indicates the change of carbon and nitrogen abundances expected by the first dredge-up in the star whose initial abundance is assumed to be the solar. This change was summarized in Iben & Renzini (1983) as follows; carbon abundance decreases by about 30 % and nitrogen abundance increases by about a factor of two for the star which has initially the solar abundances. We find that about a half of our program stars, most of which are earlier than M4, have the carbon and nitrogen abundances expected by the first dredge-up, but others (later than M4) show larger decrease of carbon as well as larger increase of nitrogen than those expected from the first dredge-up. Here the uncertainty of abundances which is shown in Fig. 8 by error bar for the worst case must be considered, but at least some of late M giants have lower carbon abundance as well as higher nitrogen abundance than those expected by the first dredge-up (shown by the tip of the arrow in Fig. 8 ). This can be shown clearly by the comparison with the abundance in G and K giants shown in Fig. 8 by crosses. These abundances have been derived by Lambert and Ries (1981) from C 2 , CN and [OI] lines and interpreted to be the observational evidence for the first dredge-up. In fact most of G-K giants distribute around the point expected from the first dredge-up as are the early M giants. We conclude that carbon and nitrogen abundance in early M giants can be well explained by the theory of the first dredgeup but these abundances in late M giants show a variation from those in early M giants.
This conclusion is mainly due to the marked reduction of the carbon abundances in late M giants by Tsuji (1991) because the nitrogen abundances determined by CN lines are dependent on the carbon abundance adopted in the analysis. However it is unlikely that the carbon abundance determined from the weak lines of second overtone of CO is in large systematic errors, since almost all the carbon is locked in CO in late M giants and the carbon abundance is almost free from the errors in transformation from CO abundance to carbon abundance. It is also interesting that the oxygen isotope ratio ( 16 O/ 17 O) shows systematically low values in late M giants (100 ∼ 250) compared with early M giants (∼ 1000) (Tsuji 1986b ).
Then we investigate what kind of nucleosynthetic process is responsible to the abundances of carbon and nitrogen in late M giants. In Fig. 9 the solid line indicates the change of carbon to nitrogen due to the CN cycle starting from the solar abundances. The carbon and nitrogen abundances of late M giants can be explained well by this abundance change. This means that the effect of He burning and subsequent HBB which are expected in AGB stars does not emerge clearly even in late M giants and the abundance feature of carbon and nitrogen may be explained by hydrogen burning (the CNO cycle) alone. This is also consistent with the result of the oxygen isotope ratio ( 16 O/ 17 O) which is considered to decrease by the CNO cycle (Tsuji 1986b) .
From the above discussion of the carbon and nitrogen abundances we presume that additional conversion from carbon to nitrogen by the CN cycle and mixing of the products to the surface are required during the evolution after the first dredgeup, probably on the AGB, considering their late spectral type and high luminosity (Table 5 in Tsuji 1991). Many observations and theoretical calculations of stellar evolution have been done concerning the CN cycle and mixing after the first dredge-up. For example; some low-mass red giants show lower 12 C/ 13 C ratio (< 10) than that expected from the first dredge-up (20 ∼ 30) (e.g. Gilroy 1989); There is a group of G and K giants called "weak G-band star" (Sneden et al. 1978) which has low carbon and high nitrogen abundances and very low 12 C/ 13 C ratio (∼ 3, i.e. equilibrium value of the CN cycle). The problem of 12 C/ 13 C ratio in G-K giants may be explained by the meridional circulation during the evolution on red giant branch after the first dredge-up (Charbonnel 1995) . However the carbon and nitrogen abundances in late M giants may not be explained by this hypothesis because these M giants may not remain so long on red giant branch as to be affected by such a slow process as the meridional circulation. There is also a calculation of mixing in AGB stars which brings about a change of the carbon and nitrogen abundances (Wasserburg et al. 1995) . This calculation Fig. 10 . The nitrogen and carbon abundances are plotted as Fig. 9 . All M giants are shown by filled circles in this figure. Open and filled squares indicate the abundances of oxygen-rich and carbon-rich planetary nebulae, respectively, determined by Kingsburgh & Barlow (1994). predicts very low 12 C/ 13 C ratio and large nitrogen enrichment by a factor of 3 ∼ 6 and may be appropriate to explain our results.
Low-mass and intermediate-mass stars as our program stars are considered to evolve to planetary nebulae (PNe) through mass-loss, but the details of evolution from stars to PNe have not been clarified yet. Our results of M giants are compared with the carbon and nitrogen abundances of PNe derived by Kingsburgh & Barlow (1994) in Fig. 10 , where oxygen-rich and carbon-rich PNe are shown by the open and filled squares, respectively. Other symbols have the same meaning as in Fig. 8 . Kingsburgh & Barlow (1994) combined UV spectra with optical spectra and thus covered a wide range of ionization stages for each element. We find that the distribution of oxygen rich PNe extends to carbon poor, nitrogen rich region in Fig. 10 and is consistent with the distribution of M giants. The origin of both carbon-rich and oxygen-rich PNe is discussed in Smith & Lambert (1990) , but remains as a kind of puzzle. Our results cover only oxygen-rich stars, but we can at least conclude that the distribution of M giants including very low carbon and high nitrogen abundances is consistent with the hypothesis that M giants evolve to oxygen-rich PNe. To understand the evolution from stars to PNe completely, the comprehensive and systematic studies of various kinds of cool stars are necessary.
Concluding remarks
The analyses of high resolution infrared spectra have been done for CN lines in oxygen-rich cool evolved stars including 2 K giants, 20 M giants and 1 S-type star. For 5 later M giants NH lines have also been analyzed. We determined the nitrogen abundances from CN and/or NH weak lines which are appropriate to abundance analysis. The nitrogen abundances derived from NH lines for late M giants agree well with those from CN lines within the errors of our analyses, when we adopt 7.75 eV as the dissociation energy of CN molecule. The results show that the nitrogen abundances in late M giants are larger than those in early M giants as opposed to the feature of carbon abundance (Tsuji 1991) . These variation of abundances can be explained if we assume additional CN cycle and mixing after the first dredge-up, probably on AGB. However, such variation of carbon and nitrogen abundances cannot be predicted by the present evolutionary model of low-mass and intermediate-mass stars.
The evolution of light elements such as carbon and nitrogen in the Galaxy still remains an open question. Especially the origin of nitrogen is probably complex because nitrogen is the secondary element, i.e. the production follows the preceding synthesis of carbon which is also not simple. Nitrogen are considered to be produced in massive stars which evolve to supernovae as well as in low-mass and intermediate-mass stars by the CNO cycle, but their contributions to the chemical evolution of the Galaxy are not resolved quantitatively. Our results which show high nitrogen abundance in late M giants would be one of the bases to understand the origin of nitrogen. On the other hand it is important to investigate nitrogen abundances in unevolved stars which trace the Galactic chemical evolution.
To clarify the relation between chemical composition derived by our works and the chemical evolution of the Galaxy, the most important process is the mass-loss of these evolved stars. For the study of mass-loss, infrared spectroscopy is indispensable, and some of our program stars in this work are included in our observation program by the infrared space observatory (ISO). For interpretation of ISO spectra, detailed analysis of high resolution spectra as this work gives basic informations such as stellar abundance and atmospheric parameters.
